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AMENDED SPECIFICATION 

METHOD FOR DECREASING MISALIGNMENT OF A PRINTED CIRCUIT BOARD 
AND A LIQUID CRYSTAL DISPLAY DEVICE WITH THE PRINTED CIRCUIT 

BOARD 

BACKGROUND OP THE INVENTION 
[0001] .1. Field of the Invention 

[0002] The present invention relates to a liquid crystal display device, more particularly to a 
liquid crystal display device having a liquid crystal display panel that may decrease the failure of 
a tape automated bonding (TAB) by decreasing occasions of a printed circuit hoard (PCB) when 
a ductile printed circuit hoard (PCB) misalignment such as a tape carrier package (TCP) and the 
PCB are bonded by a thermo-compression bonding method. 

[0003] 2. Description of the Related Art 

[0004] At present, a lot of display devices having minimized sizes and more powerful func- 
tions are manufactured as the semiconductor technology rapidly develops. The cathode ray tube 
(CRT) widely used for an information display device has some advantages such as high perform- 
ance and low cost. However, the CRT has disadvantages of its bulky si2e and poor portability. 
The liquid crystal display (LCD) device has a smaller size and lighter weight. In addition, the 
LCD device can operate at low power. Hence, the LCD device has been paid much attention as 
substitute for the CRT and is now used for virtually all the information processing devices. 

[0005] In general, the LCD device includes a thin film transistor (TFT) substrate, a color fil- 
ter substrate opposed to the TFT substrate and a liquid crystal display panel having a liquid crys- 
tal injected between the TFT substrate and the color filter substrate. The LCD device displays the 
information by utilizing a light modulation resulting from the variation of the optical property of 
the liquid crystal. 

[0006] A plurality of gate lines and a plurality of intersecting data lines are intesraeotably 
formed on the TFT substrate^ and thin film transistors for switching device and the picture elec- 
trode are formed in the intersected region. 

[0007] The data line receives the gray voltage selected by a source driving integrated circuit 
(IC), and then transfers the gray voltage to the liquid crystal. The gate line opens or closes the 
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thin film transistor for switching according to the on/off signal outputted from a gate driving IC 
At that time, in order to apply the driving signals to the gate line and the data line, the printed 
circuit board (PCB) including various semiconductor devices and parts thereon, the driving IC 
transferring the driving signals to the gate line and the data line and the liquid crystal display 

■ 

panel indicating the information should be connected one after another. 

[0008] The methods for connecting the liquid crystal panel, the printed circuit board and the 
driving IC are generally divided into a chip on glass (COG) mounting method and a tape auto- 
mated bonding (TAB) mounting method. 

[0009] In the COG mounting method, the liquid crystal display panel is connected to the 
printed circuit board by using a connector such as a flexible printed circuit (FPC) after the driv- 
ing IC is mounted on the liquid crystal display panel. Also, in the TAB mounting method, the 
liquid crystal display panel is connected to the printed circuit board by using a tape canier pack- 
age (TCP) including a tape and the driving IC mounted on the tape. 

[0010] In [[As for]] the conventional TAB mounting method, the liquid crystal display panel 
is connected to the TCP by a thermo-compression bonding process and by using an anisotropic 
conductive film (ACF), and the printed circuit board is connected to the TCP by a soldering 
process. However, the pitch[[es]) of the input leads of the TCP should must decrease as the num- 
ber of the input leads of the TCP increases and the size of the TCP is reduced. As a consequence, 
[[So]] the probability of short-circuits between the adjacent input leads of the TCP increases 
when the printed circuit board and the TCP are coupled to each other in combined tog e th ^by 
the soldering process. Hence, the printed circuit board and the TCP are now beins coupled com 
bined together with a by tho thermocompression bonding process. 

[0011] FIG 1 is a plan plan e view [[for]] illustrating the conventional liquid crystal display 
device including the printed circuit board and the tape carrier package bonded together by the 
thermo-compression bonding process at high temperature. 

[0012] Referring to FIG 1, a liquid crystal display panel 10 receives the electrical signal 
from the out$ide, and then displays the information thereon. Printed circuit boards 20 and 30 are 
connected to the liquid crystal display panel 10 and transfer the electrical signal to the liquid 
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crystal display panel 10. Tape carrier packages 40 and 50 connect the liquid crystal display panel 
10 to the printed circuit boards 20 and 30 to drive the liquid crystal display panel 10. 

[0013] The liquid crystal display panel 10 includes a TFT substrate 14 and a color filter sub- 
strate 12 facing each other, 

[0014] A plurality of gate lines (not shown) are disposed on the TFT substrate 14 along the 
length of the TFT substrate 14 and a plurality of data lines (not shown) are disposed on the TFT 
substrate 14 along the width of the TFT substrate 14. The gate lines and the data lines intersect 
are - inter s ecting each other. Gate input pads and data input pads (not shown) are respectively 
formed on each end of the gate lines and the data lines outside the color filter substrate 12. 

[0015] The printed circuit board s 20 and 30 comprise compos e d of a gate printed circuit 
board 20 electrically connected to the gate input pads through the TCPs 40 A and a source printed 
circuit board 30 electrically connected to the data input pads through the TCPs 50. 

[0016] A gate driving IC 42 and a source driving IC 52 that respectively drive the gate lines 
and the source lines are formed on the respective upp er surfaces of the tape carrier packages 40 
and 50. 

[0017] Hereinafter, it will b e described that a method is described for connecting the liquid 
crystal display panel 10 to the printed circuit boards 20 and 30 by using the tape earner packages 
40 and 50. 

[0018] At first, after the anisotropic conductive film is attached to the data pads and the gate 
pads on the TFT substrate , the output leads (not shown) [[ends]] of the tape carrier packages 40 
and 50 are positioned on the surface of the anisotropic conductive film, and then the surfaces of 
the tape carrier packages 40 and 50 are pressed by a thermo-compression device. Thus, the gate 
pads and the data pads and the output leads (not shown) of the tape carrier packages 40 and 50 
are electrically connected while the anisotropic conductive film composed of a thermoplastic 
resin is completely compressed to the liquid crystal display panel 10 by the thermo-compression 
device. 
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[0019] Subsequently, after the anisotropic conductive film is attached to the surface of the 
respective PCB land groups (not shown) formed on the respective rear surfaces of the printed 
circuit boards 20 and 30, the input leads (not shown) of the tape carrier packages 70 and 90 are 
respectively attached to the land groups on the near surfaces of the printed circuit boards 20 and 
30 by using the thermo-compression device. Hence, the respective input leads of the tape carrier 



packages 40 and 50 are electrically connected to the respective PCB lands (not shown) of the 
printed circuit boards 20 and 30 while the anisotropic conductive film is hardened by the heat 
and the force of the thermo-compression device at a high temperature. 

[0020] In the above-described method, however, thermal expansions of components may 
cause misalig nments between the lands of the printed circuit boards 20 and 30 and the leads of 
from the tape carrier packages 40 and 50, thereby causing bonding failures. 

[0021] FIG. 2 is a plan piano view [[for]] showing the directions of thermal expansion efa^ee- 
tions of the printed circuit board and the tape carrier package s, as indicated therein by the respec- 
tive arrows, during the thermo-compression bonding process. FIG 2 shows the thermal expan- 
sions of the source printed circuit board and the tape canier packages of [[in]] FIG. 1. 

[0022] As shown in FIG. 2, the printed circuit board 30 is thermally expanded from a central 
[[the]] point M horizontally dividing the printed circuit board 30 into two equal portions dis- 
posed on opposite sides to both ends thereof. The amount of thermal expansion amount of the 
printed circuit board 30 is accumulated toward both o pposite end portions of the printed circuit 
board 30 so that the two end portions have the greatest amount of thermal expansion amounts - of 
the end portions have the larges ^vfthaes. Also, each [[the]] tape carrier package SO is thermally 
expanded from a central [[the]] point M' horizontally dividing the tape carrier package SO into 
two equal portions disposed on opposite sides to both ends thereof, and the two opposite end por- 
tions have the greatest amount of thermal expansion amounts of th e e nd portions have the largest 
values . 

[0023] Thus, although the PCB lands group (not shown) of the printed circuit board 30 and 
the corresponding lead group s of the tape carrier packages 50 are aligned with [[to]] each other 
before the thermocompression process, they get misaligned during the thermo-compression 
bonding process due to the thermal expansion between the printed circuit board 30 and the tape 
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carrier packages 50. They are misaligned the most in the right portion (Al) of a first TCP and the 
left portion of an eighth TCP (A2). 

* 

[0024] In order to reduce the bonding failure between the PCB lands and the TCPs caused by 
the misalignment, the thickness of the printed circuit board may be [[is]] increased, or the com- 
position of the printed circuit board may be [[is]] changed. However, those methods do not to- 
tally solve the misalignment problem when the pitches between the leads become smaller closer . 



[0025] It is therefore a first objective of the present invention to provide a method for bond- 
ing a printed circuit board and a tape carrier package to each othei\ which can decrease the occa- 
sions of misalignment due to thermal expansions of the printed circuit board and the tape carrier . 
package when the printed circuit board and the tape carrier package are a TAB IC is bonded to 
each other by a thermo-compression bonding method. 

[0026] It is a second objective of the present invention to provide a liquid crystal display de- 
vice manufactured according to the above method for bonding the printed circuit board and the 
tape carrier package so as to decrease the misalignment therebetween . 

[0027] To accomplish the first objective of the present invention, one preferred embodiment 
of the present invention provides a method for bonding an adherent member to a printed circuit 
boards comprising the steps of providing the printed circuit board having a substrate and a land 
group disposed thereon, the land group comprising a plurality of a first conductive lands patt e rn 
group s formed at a peripheral portion of the substrate in the direction of the length of the sub- 
strate A wherein the lateral position of the first conductivo pattern land group is "shrunk", i.e., ad- 
justed according to the amount of [[a]] thermal expansion quantity of the substrate occurring dur- 
ing the thermo-compression bonding. process wh e r e th e first conductive patt o m group is posi - 
tioned , providing the adherent memberhaving a lead group comprising a plurality of second 
conductive leads patt e rn group respectively corresponding to the first conductive lands of the 
land patt e rn group, aligning the adherent member and the printed circuit board, and bonding the 
adherent member to the printed circuit board by a thermo-compression bonding method. 
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[0028] Also, to accomplish the second objective of the present invention, another preferred 
embodiment of the present invention provides a liquid crystal display device including a printed 
circuit board and a tape carrier package attached to each other by the above-mentioned method. 

[0029] According to the present invention, when the PCB land group s are thermo- 
cornpressed with the corresponding lead groups of the tape carrier packages by mean of shrink- 
ing the PCB land group s of the printed circuit board by the amount of thermal expansion of the 
printed circuit board occurring during the bonding process , the misalignment between the leads 
of TCPs and the lands of the PCB due to the thermal expansion of the printed circuit board can 
be decreased [[to]] sufficiently to secure an improved [[the]] processing margin, so [[the]] pro- 
ductivity can be improved by reducing [[the]] processing failures. Also, the degree of misalign- 
ment between the leads and lands can be uniformly maintained to enhance [[the]] control of the 
misalignment and thereby [[to]] increase [[the]] product manufacturing stabilit y of the product . 



[0030] The above objectives and advantages of the present invention will become more ap- 
parent by describing in detail preferred embodiments thereof with reference to the attached draw- 



[0031] FIG 1 is a plan plane view illustrating a liquid crystal display panel including a 
[[the]] conventional printed circuit board and a tape carrier package attached to each other. 

[0032] FIG. 2 is a plan pkne view illustrating the directions of expansion directions of the 
conventional printed circuit board and the tape carrier package during thermo-compression bond- 
ing at a high temperature. 

[0033] FIG 3A is a plan plarte view showing a shrinkage printed circuit board in the pre- 
compression bonding state according to one embodiment of the present invention. 

[0034] FIG 3B is a plan plane view showing a tape carrier package in the pre-compression 
bonding state according to one embodiment of the present invention. 
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[0035] PIG. 4 is FIGS, 4 A, 1B, <1C and AD are a group of four graphs illustrating the mis- 
alignment occumngjnre^ [[of the]] conventional printed circuit 
board at various temperatures. 

[0036] FIG. 5A is a plan plane view illustrating the thermal expansion of the shrinkage 
printed circuit board on the basis of the respective left ends portions of a first tape earner pack- 
age and an eighth tape carrier packages according to the present invention. 

[0037] FIG. 5B is a partial plan plane view illustrating the measurement of misalignment in a 
region on th e A region of [[in]] FIG 5 A. 

[0038] FIG. 5C is a partial plan plan e view illustrating the measurement of misalignment in a 
region on the B r e gion of [[in]] FIG. 5A. 

[0039] FIG. 6 A is a plan p iano view illustrating the thermal expansion of the shrinkage 
printed circuit board on the basis of the respective right ends portions of a first tape carrier pack- 
ape and an eighth tape earner packages according to the present invention. 

[0040] PIG 6B is a partial plan plane view illustrating the measurement of the misalignment 
in a region on the A region of [[in]] FIG 5A. 

[0041] FIG. 6C is a partial plan plana view illustrating the measurement of the misalignment 
in a region B &a4ke B £&gioa of [[in]] FIG. 6A. 

[0042] HG 7A is a partial plan plane view showing the state of alignment between a first 
printed circuit board land group and the corresponding lead group of a first tape earner package 
in the alignm e nt otato after thermal expansion. 

[0043] FIG. 7B is a partial plan plane view showing the state of alignment between an eighth 
printed circuit board land group and the corresponding lead group of an eighth tape carrier pack- 
age in the alignment stat e after thermal expansion. 

[0044] FIG 8Ais a graph comparing [[the]] experimental data of the shrinkage printed cir- 
cuit board with [[the]] experimental data of the conventional printed circuit hoard. 
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[0045] FIG. 8B is a graph comparing [[the]] experimental data of the misalignment of the 
shrinkage printed circuit board due to [[the]] thermal expansion of the shrinkag e printed circuit 
board with [[the]] experimental data of the misalignment of the conventional printed circuit 
board due to thermal expansion of the conventional print e d circuit board . 

[0046] FIGS. 9A. 9B. 9C. 9D. 9E. 9R 9G, £>H, 91 and 9J are graphs respectively illustrating 
the misalignment of each of a plurality of samples on the basis of a [[the]] central line of the 
shrinkage printed circuit board according to the table 7. 

[0047] FIGS. 10A, 10B, IOC, 10D and 10E are graphs respectively illustrating the misalign- 
ment of each of a plurality of samples on the basis of the central line of the conventional printed 
circuit board according to the table 9. 

[0048] FIG. 11 is a graph comparing the thermal expansion of each tape earner package of 
the shrinkage printed circuit board with the thermal expansion of each tape carrier package of the 
conventional printed circuit board. 

[0049] FIG 12 is a plan plan e view showing a liquid crystal display device including the 
shrinkage printed circuit board and the tape earner package bonded to each other by the thermo- 
compression bonding method at a high temperature according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0050] Hereinafter, the present invention will now be described more fully with reference to 
the accompanying drawings, in which preferred embodiments of the present invention are 
shown. The present invention may, however, be embodied in many different forms and should 
not be construed as being limited to the embodiments set forth herein. 

[0051] FIGS. 3A and 3B are plan fkff& views showing the printed circuit board and the tape 
carrier package according to one embodiment of the present invention. 

[0052] Hereinafter, th^mkw s - ( - ) indicates th e displacements toward the left are indicated by 
negative (-) numerical values and dir e ction and th e plus ( \ ) represent the displacements toward 
the right are indicated by positive (+) numerical values direction . 
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[0053] Referring to FIG 3 A, a printed circuit board 100 according to the present invention 
has a substrate 110 and a plurality of land groups 120 that electrically connect the substrate 110 
to an external device circuit elements . Also, a driving circuit (not illustrated) is disposed formed 
on the printed circuit board 100 for operating the liquid crystal display device, 

[0054] The land groups 120 are composed of a plurality of PCB land groups 120a through 
120h> [[to]] each of which has a plurality of conductive lands which are connected to input leads 
of a corresponding tape carrier package (TCP) a corr e sponding one of a pluralitv - o&apo - Gftrrior 
packages (TCPo) io to be attached . As illustrated in FIG 3A, each of the PCB land groups 120a 
to 120h has a lateral position that is "shrunk," or contracted, by a predetermined dimension in the 
direction of a central, or mid point M located on a line perpendicular to the long edge of the PCB 
(phantom line in FIG 3A) that divides dividing the substrate 110 into two parts having equal 
horizontal lengths, along the length of th e substrate 110, relative That is, when compared to the 
respective lateral distances between adjacent positions of corresp o nding onca of the land groups 
of the conventional printed circuit board 30 of FIG 2, the distance between adjacent land groups 
of the printed circuit board 1QQ is shrunk, or contracted, by a predetermined amount (hereinafter 
called the shrinkage design) toward the central point M . The PCB land groups 120a through 
I20h are respectively defined as first to eighth PCB land groups 120a to 120h, and span from the 
left side to the right side of the substrate 110, Also> an anisotropic conductive film (ACF) 130 is 
attached to the upper surfaces of the PCB land groups 120a through 120h , and is used to connect 
the respective lands of the PCB land groups 120a -120h with the respective leads of the corre- 
sponding TCPs TCP1-TCP8 . 

[0055] The length of the printed circuit board 100 of particular interest herein is the right-to- 
left, or lateral distance from the right end of the eighth PCB land group 120h (corresponding to 
an eighth tape carrier package TCP 8) to the left end of the first PCB land group 120a (corre- 
sponding to a first tape earner package TCP 1). Thus, the printed circuit board 100 of the present 
invention, together with the land groups 120 disposed thereon, (hereinafter referred to as a 
"shrinkage" printed circuit board) has a length that is shrunk, or contracted, when compared to 
the length of the conventional printed circuit board 30 of FIG. 2. 
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[0056] In accordance with one exemplary embodiment of the present invention, the amount 
that the shrinkage printed circuit board 100 is shrunk relative to the conventional PCB 30 is de- 
termined by the degree of misalignment of the land groups 120 occurring in the conventional 
printed circuit board 30 when a typical thermo-compression bonding process is applied thereto. 
For this purpose, aftef a number of samples of a conventional printed circuit board 30 having a 
thickness of about 0.45 mm were [[was]] thermo-compressed under a pressure of about 172 kg 
f/cm2 for about 20 seconds, the degree of misalignment between each of the land groups 120 of 
each sample and its corresponding TCP was measured at the left and the right ends of each land 
group 120, and the measurements were tabulated, as shown in Table 1. In the above thermo- 
compression bonding process, Samples 1-4 were respectively bonded by the foregoing thermo- 
compression bonding method at temperatures of about 415° C, 405° C, 415° C and 420° C, re- 
spectively, FIG 4 illustrates graphs in which the results for each of the Samples 1-4 shown in Ta- 
ble 1 are respectively plotted. 

TABLE 1 



Degree of misalignment (jan) at each TCP of the conventional 
printed circuit board at various temperatures. 
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[0057] Referring to As shown in FIGS. 2 and 4 and Table 1, it may be seen that , in the con- 
ventional printed circuit board 30, the first TCP 50 and the eighth TCP 50 respectively experi- 
enced the greatest amount of lateral expansion due to thermal expansion of the substrate occur- 
ring during the thermo-compression process . Referring to FIG. 4, it may be seen that the degree 
of land group 120 to TCP lead group misalignment tends to increase toward the right upper ends 
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of the graphs, and that the greatest amount of misalignment occurs at the left of the midp oint M 
dividing the printed circuit board into the two equal portions, rather than at the right of the point 
M. The reason for this difference is that the respective thermal reaction properties of the left and 
the right portions of the printed circuit board 30 are different from each other, since the conven- 
tional printed circuit board 30 is not symmetrical about the mid line (phantom line of FIG. 2) 
passing through the midp oint M. In particular, the two portions of the PCB 30 respectively lo- 
cated on the left and right sides of the midpoint M have different vertical dimensions, and as a 
result, experience different amounts of lateral expansion during the thermo-compression bonding 
process. As those of skill in the art will appreciate, this difference in lateral expansion of the left 
and right sides of the PCB must be taken into account in order to accurately address the TCP-to- 
PCB misalignment problems described above. Accordingly, in the exemplary embodiments de- 
scribed herein, the left portion of the shrinkage printed circuit board 100 relative to the central 
point M is shrunk more than the right portion thereof so as to decrease the difference in the re- 
spective degrees of misalignment occurring in the left and right portions of the shrinkage PCB. 
Thus, when compared to the conventional PCB 30, the exemplary shrinkage PCBs 100 of the 
present invention have a length that is shrunk relative to that of the conventional PCB so as to 
prevent this misaliEnment In detail, when compared to the conventional printed circuit board, an 
exemplary shrinkage printed circuit board 100 includes a shrunk left portion and a shrunk right 
portion, and the left portion is shrunk a greater amount than the right portion in order to prevent 
misalignment between the respective PCB land groups 120 and the lead groups of their corre- 
sponding TCPs . 

[0058] Referring to Table 1 and PIG. 4, it may be seen that TCP 1 and TCP 8 experience the 
greatest amount of [[most]] misalignment relative to their corresponding land groups 120a and 
120h, respectively . The respective amoun ts that of shrinkage of the PCB land groups 120a and 
120h respectively corr e sponding to TCP 1 and TCP 8 needed need to be shrunk, or laterally 
shifted, with respect to the midpoint M in order to compensate for this misalignment can be de- 
termined from Table 1 and the graphs of FIG. 4, Henc e , After the respective shrunk positions _of 
the first and eighth land groups 120a and 120h have been so determined, the respectiye shrank 
positions of the remaining land groups 120b through 120g of the shrinkage printed circuit board 
100 can then be determined is formed by positioning the remaining land groups of th e PCB go ao 
to have at respective first and second constant intervals in each of the left portion and the and 
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right portions of the shrinkage printed circuit board 100 a based on the shifted positions shrinkage 
of the first and eighth PCB land groups 120a and 120h respectively corresponding to TCP1 and 
TCP8, as described in more detail below. 

[0059] According to Table 1, the average misalignment of the land groups at which r e gion s 
where TCP1 and TCP 8 are respectively located are - 69.375 fim and 43.875 fxm, respectively. 
Also, since the degree of misalignment in the left portion of the conventional printed circuit 
board 30 is greater than in the right portion of the printed circuit board, as shown in PIG 4, the 
PCB land group 120a corresponding to TCP 1 is shifted right shrerofe toward the midp oint M by 
about 66.5 jtim, with a processing allowance of about 2.875 jam, and the PCB land group 120h 
corresponding to TCP 8 is shifted left shrunk by about 4 6.5 /im toward the midp oint M by about 
46.5 /xm, with a processing allowance of about 2,125 fxm. Thus, the shrinkage printed circuit 
board 100 has a length of interest dimension , ie., the lateral distance from the left-most land of 
the left-most land group 120a to the right-most land of the right-most land group 120h, that is 
shrunk by about 112.5 fim in comparison with the corresponding dimension that of the conven- 
tional printed circuit board 30 , in order to prevent misalignment between the lands of the respec- 
tive land groups 120a - 120h and the corresponding leads of the TCPs during the thermocom- 
pression bonding operation . 

[0060] Also, since the amount of thermal expansion of the left portion of the shrinkage 
printed circuit board 100 is greater than the amount of thermal expansion of the right portion 
thereof, which, as discussed above, is a result of the asymmetry of the shrinkage printed circuit 
board 100 about the vertical line passing through the midpoint M , the first intervals between ad- 
jacent th e r e sp e ctive PCB land groups 120 are set at 19 /xm in the portion of the PCB to the left 
of the midp oint M, and at 13 fim in the portion of the PCB to the right of the mid point M. based 
on the respective shifted positions of the first and the eighth land groups 120a and 12Qh, respec- 
tively . 

[0061] Hence, in accordance with one exemplary embodiment of the present invention, in 
order to improve the TCP lead group to PCB land group misalignment problem of the conven- 
tional PCB 30, the dimensions of the intervals between the land groups of the conventional PCB 
are shrunk as shown in FIG. 3 A and described above, so that the shrinkage printed circuit board 
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100 has a length of interest dimension that is shrunk by about 1 12.5 (im, as compared with the 
corresponding length of interact dimension of the conventional printed circuit board 30. Addi- 
tionally, for puiposes of simplicity in explication, and unless otherwise indicated bv the context 
herein^ the respective land groups of the PCB are referred to hereinafter simply as "lands," and 
the corresponding; lead groups of the TCPs are referred to simply as "leads" . 

[0062] Referring to FIG 3B, the lands of the TCP units 200 respectively corresponding to the 
PCB land group s 120 are fixed at respective edge portions of the TFT substrate 300 by interpos- 
ing the ACF 250 therebetween. The ACF 250 is the medium that electrically connects the leads 
of the TCP units 200 to the lands of the TFT substrate 300. The TCP units 200 thus correspond to 
respective ones of the PCB land-groups 120a through I20h and, stalling at the left side of the fig- 
ure, comprise first to eighth TCPs 200a through 200h. 

[0063] Each of the TCPs 200a through 200h includes a driving IC 220 that is disposed at the 
central portion of a [[the]] film comprising compos e d of a [[the]] light transmitting polyamide, 
and each TCP 200a through 200h includes input leads 230 and output leads 240. The input leads 
230 connect[[s]] the respective driving ICs 220 to the printed circuit board 100 bv interposing 
the ACF 130 between the leads of the TCP and the lands of the PCB 100 , and the output leads 
240 connect[[s]] the respective driving ICs 220 to the TFT substrate 300 by interposing the ACF 
250 between the leads of the TCPs and the lands of the substrate 300 thereto . 

[0064] In this embodiment [[case]], the respective output leads 240 of each of the TCPs 200a 
through 200h [[is]] are first thennocompression bonded to corresponding lands on the TFT sub- 
strate 300, so that the TCPs are disposed at a first predetermined interval along the edge of the 
substrate, to align in the position, before oach PCB land group 120a through 120h respectively 
corresponding to each of the TCPs 200a through 200h is shrunk . The immt leads 230 of the TCPs 
200a through 200h are then disposed on the ACF 250 attached to the corresponding PCB lands 
120a through 120h of the shrinkage printed circuit board 100, which are spaced apart from one 
another at a second interval which is smaller than the first interval above. The leads of the TCPs 
200a through 200h and the PCB lands 120a through 120h are then coupled to each otherjb^jhe 
thermo-compression bonding process. During the thermo-compression process, the shrinkage 
printed circuit board 100 experiences thermal expansion so that the respective lands 120a 
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through 120h of each PCB is correctly aligned with a corresponding one of the input leads 230 of 
a corresponding one of the TCPs 200a through 200h after bonding . 



[0065] For example, in [[In]] one exemplary embodiment using the shrinkage printed circuit 
board 100 having the above-described shrunk, or contracted construction, the respective input 
leads 230 of the TCPs 200a through 200h are placed over is oo vorcd with the ACF 130 on [[of]] 
the shrinkage printed circuit board 100 by utilizing a movable stage and a fixing member At that 
time, the center of each PCB land 120a through 120h is laterally displaced relative to deviat e d 
from the center of its corresponding TCP e aoh TCP 200a through 200h by the shrinkage amount 
that the land was shrunk, or laterally shifted, in the shrinkage printed circuit board before bond- 
ing, of each PCB land 120a through 120/i , thereby forming a pre-compression state. 

[0066] In this [[the]] pre-compression state, the shrinkage printed circuit board 100 and the 
TCP units 200 are then attached to each other at a predetermined temperature under a predeter- 
mined pressure during the theimo-compression bonding process. 

[0067] At that tim s During the thermo-compression bonding process, the substrate 110 of the 
shrinkage PCB 100 expands laterally in response to its being heated, causing the PCB lands 
grasps 120a through 120h respectively located on the left and right sides of the midpoint M of 
the PCB to move laterally toward the left and the right ends of the substrate 110 , respective! y. 
eontoring around th e point M according to the thermal expansion of the substrate 110 to compen- 
sate for the respective amounts of shrinkage that each PCB land group 120a through 120h was 
shrunk , or laterally shifted , when the shrinkage printed circuit board 100 was manufactured. 
Thus, the degree of misalignment between the respective leads 230 of the TCPs 200a - 200h and 
the corresponding lands 120a -120h decreases during the thermo-bonding process , since each 
PCB land group 120a through 120h expands so as to move into a more precise alignment with 
the lead of its corresponding TCP 200. 

[0068] For verifying the accuracy of the Hfttealignment between the respective PCB lands and 
corresponding TCP leads resulting from the foregoing procedure, the misalignment occurring 
between the lands and corresponding TCP leads was shrinkag e printed circuit bo afds-afe meas- 
ured fey [[after]] selecting ten shrinkage printed circuit boards 100 at random and putting them 
through the thermo-compression bonding process described above. Each shrinkage printed cir- 
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cuit board evaluated had [[has]] a thickness of about 0.45 mm and was [[is]] thermo-compressed 
at a temperature of about 175° C under a pressure of about 3 MPa for about 20 seconds. 

[0069] As discussed above, the left portion of the shrinkage printed circuit board 100 relative 
to the central point M expands with heating toward the left, and the right portion of the shrinkage 
printed circuit board 100 relative to the central point M expands with heatinn toward the right. 
However, the TCPs 200a through 200h each expand independently with heat, since, as discussed 
above, their respective output leads 240 are already fixed to the TFT substrate 300, so that a left 
portion of each TCP relative to its center expands to the left with heating and a right portion of 
each TCP relative to its center expands to the right. The direction of thermal expansion of the left 
end of each TCP and the direction of thermal expansion of the shrinkage printed circuit board 
100 are the same as each other in the left portion of the shrinkage printed circuit board 100. but 
are different from each other in the right portion of the printed circuit board 100. Also, the direc- 
tion of thermal expansion of the jight end of each TCP and the direction of thermal expansion of 
the shrinkage printed circuit board 100 are different from each other in the left portion of the 
printed circuit board 100 and the same as each other in the right portion of the shrinkage printed 
circuit board lOO . Th e direction s of the left and the right th o rmnl o xpanoion of - thc loft - and right 
ends of TCPs 2QQa through-200h arc different from the directions of thermal e xpansion of the 
substrat e 110 . Therefore, individual misalignment occurs at [[to]] the respective left and right 
ends directions of each of the TCPs 200a through 200h. Th e refor e , - Accordingly, in the ten sam- 
ple shrinkage PCB 100 units that were evaluated ^ the respective loft misalignments of the left and 
right ends of the TCP units 200a through 200h and the - reopootivo right mioalignmonts - of the TCP 
units 200 were [[are]] independently measured, and the results of those measurements are as 
shown in Table 2. 



TABLE 2 



Misalignment values Qim) measured at each TCP of the shrinkage printed circuit board 



Sample 1 



Sample 2 



Sample 3 Left 





TCP1 


TCP2 


TCP3 


TCP4 


TCPS 


TCP6 


TCP7 


TCP8 


Left 


-28 


-9 


-21 


31 


29 


33 


67 


82 


Right 


-64 


-42 


-49 


-28 


-36 


-27 


22 


38 


Left 


52 


33 


45 


39 


23 


27 


24 


27 


Right 


-25 


-35 


-38 


-47 


-64 


-60 


-44 


-47 


Left 


43 


36 


19 


-24 


-25 


-21 


26 


20 



ii.hjimiii i.mi.m. i.ii»n_*n.n"iriiiin* met — i f 
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Sample 4 



Sample 5 



Sample 6 



Sample 7 



Sample 8 



S ample 9 



Sample 10 



Right 


-48 


-34 


-56 


-66 


-78 


-57 


45 


-56 


Left 


43 


53 


39 


46 


56 


53 


53 


65 


Right 


-29 


28 


-35 


38 


31 


34 


43 


24 


Left 


19 


31 


-29 


24 


-35 


22 


29 


32 


Right 


-69 


-47 


-71 


-69 


-66 


-67 


-55 


-48 


Left 


-66 


-48 


-42 


-28 


-24 


-17 


12 


42 


Right 


-113 


-85 


-79 


-76 


-67 


-57 


-44 


-15 


Left 


93 


83 


59 


68 


66 


75 


77 


82 


Right 


50 


54 


23 


24 


-37 


28 


33 


48 


Left 


47 


72 


30 


29 


39 


45 


46 


62 


Right 


-33 


-44 


-58 


-59 


-56 


-52 


-44 


-27 


Left 


133 


106 


102 


89 


100 


88 


94 


85 


Right 


77 


72 


52 


45 


43 


46 


50 


37 


Left 


24 


18 


-28 


-28 


25 


26 


-45 


37 


Right 


-62 


-59 


-65 


-77 


-58 


-64 


-83 


-32 



[0070] Refeiring to Table 2 and assuming both Assuming that the thermal expansion in- 
creases linearly and that the respective, thermal expansions of the tape earner packages 200a 
through 200h are constant, the total thermal expansion of the printed shrinkage printed circuit 
board 100 may be presumed to be the value taken from TCP8 minus the value taken from TCP1 
toTCP 8 is presum e d to be th e total thermal e xpansion of th e shrinkag e print e d circuit hoard 100 . 

[0071] When the length of the shrinkage printed circuit board 100 [[PCB]] is lo before the 
thermocompression bonding process and the length of the shrinkage printed circuit board 
[[PCB]] is I after the thermocompression bonding process, the amount of thermal expansion 
amount per unit length is generally expressed by [[as]] the following equation (1): 

^j^^aisT (1) 

[0072] In the above equation (1), a is the moans a thermal expansion coefficient of the PCB 
100 and AT is indicates the difference between the initial temperature and the final temperature. 
The thermal expansion coefficient , how e v e r, generally depends on the materials of the PCB 
when the temperature range is relatively small not so wid e. Hence, the amount of thermal expan- 
sion a mount of the shrinkage printed circuit board [[PCB]] increases linearly with a constant rate 
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at all the points of the initial length of the shrinkage printed circuit board [[PCB]] and both ends 
of the shrinkage printed circuit board [[PCB]] expand the most. 

(0073] Also, as describ e d b e low, the total amount of thermal expansion of each tape earner 
package is assumed to have a constant value ( = 2p) that is independent of the expansion of either 
the shrinkage printed circuit board 100 or the conventional printed circuit board 30 during the 
thermo-compression bonding process. 

[0074] As shown in Table 3, the average amount of valu e of e ach thermal expansion amount 
of each TCP is about 37.3 fim fwith a [[the]] standard deviation of [[is]] 2) when the shrinkage 
printed circuit board 100 is thermo -compressed. Also, the average amount of value of e ach ther- 
mal expansion amount of each TCP is about 42.17 /im (with a [[the]] standard deviation of [[is]] 
0.988) when the conventional printed circuit board 30 is thermo-compressed, as shown in Ta- 
ble?. 

[0075] According to Under the above-mentioned assumptions, the sum of the magnitude of 
the differenc e b e tw ee n the measured thermal expansion displacement amount of the eighth 
[[first]] TCP 200h [[200a]] and the magnitude of the measured thermal expansion displacement 
amount of the first eighth TCP 200a [[200h]]> fee fcrHtapc - carricr packag e s 200fl and 200h, ,eachof 
which is respectively located locating at an opposite end portions of the shrinkag e printed circuit 
board 400, is presumed to be the total amount of thermal expansion amount of the shrinkage 
printed circuit board [[100]] during thermo-compression. The validity of such [[Such]] presump- 
tions will be assessed desefibed with reference to FIGS. 5 and 6 below as follows . Hereinafter, 
the left misalignment is measured based on each left end portion of each TCP and the right mis- 
alignment is measured based on each right end portion of each TCP 

[0076] FIGS. 5A, 5B and SC are plan piano views illustrating the presumption that [[of]] the 
total amount of thermal expansion amount of a th e shrinkag e printed circuit board 100 can be 
assessed based on conc e rning the measured amounts of misalignment occurring at amounts on 
th e basis of the left ends portion s of the first TCP 200a and the eighth TCP 200h. The printed cir- 
cuit board under consideration may be the shrinkage printed circuit board 100 or the conven- 
tional printed circuit board 30. As indicated by the arrows in FIG. 5A, the left portion of the 
printed circuit board expands with heating toward the left relative to the centra] point M and the 
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right portion of the printed circuit board 100 expands toward the right relative to the centra) point 
M, As above, the TCPs 200a through 20Qh expand independently with heating, since, as above, 
the output leads of the TCPs 200a through 200h are fixed to the TFT substrate 300, so that a left 
portion of each TCP expands toward the left relative to the center of the TCP with heating, and 
the right portion of each TCP expands toward the right relative to the center of the TCP, as indi- 
cated by the arrows in PIG. SA. 

[0077] Referring to FIG. 5A, the direction of expansion of the left end of the first TCP 200a 
is identical to the direction of expansion of the shrinkag e printed circuit board 100. However, the 
direction of expansion of the left end of the eighth TCP 200h is opposite to the direction of ex- 
pansion of the shrinkag e printed circuit board 100. PIG. SB is a partial plan piano view illustrat- 
ing the measurement of the misalignment in [[of]] the region A region in of FIG. 5A J _and[[.]] 
FIG 5C is a partial plan plane view illustrating the measurement of the misalignment in [[of]] the 
region B region of [[in]] FIG 5 A. 

[0078] In FIG SB, a first real line 410 corresponds to the left end of the first PCB land group 
120a in the pre-compression state, and a second real line 510 corresponds to the left end of the 
corresponding lead of the first TCP 200a in the pre-compression state. Thus, th e distanc e b e 
tween th e first real line 4 10 and tho o coond real lin e 510 corr e sponds to th e pre adjustment mad e 
in the pre - oomprooDion state of th e shrinkage print e d circuit board 100 by shrinking the position 
of tho first PCB land group 120a toward th e point M, as described above. 

[0079] When the theimo compr e ssion proc e ss is p e rformed on the lead of the first TCP 200a 
and the first PCB land group 120a are thermally compressed during the thermo-compression 
bonding process , the left end of the first PCB land group 120a moves from the first real line 410 
to the toward a first dotted line 420 due to the thermal expansion of the substrate 110, and the left 
end of the lead of the first TCP 200a ake moves from the Second real line 510 to toward the sec- 
ond dotted line 520 due to the thermal expansion of the first TCP 200a for th e sam e r e ason . 
Hence, during after the thermo-compression bonding process, the left end of the lead of the first 
TCP 200a is displaced through an interval of al from the second real line 510 to the second dot- 
ted line 520 expanded by an interval ( £0 b e tw e en the s e cond r e al line 510 and th e s e cond dot 
ted line 520 . Also, the left end of the first PCB land group 120a is displaced through e xpands by 
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an interval of P 2 [[(Pj)]] from the first real line 410 to the first dotted line 420 between the firs t 
real line 4 10 and tho first dotted lino 4 20 . Then, after the thermo-compression bonding process, 
the measured misalignment value becomes the displacement interval Aj_ [[(Aj)]] from the second 
dotted line 520 to the first dotted line 420. Therefore, the magnitude |Ai[ of the measured mis- 
alignment of the left end of the first TCP 200a lead and the left end of the first PCB land 120a is 
given by the following equation (2): 



Here, and al both have negative values, since PI and al are displacements toward the left. 



[0080] For example, in the Sample 1 measurements in [[In]] Table 2, since the [[left]] mis- 
alignment value of the left end of the first TCP 200a lead is - 28 //m, the left end of the first PCB 
land group 120a is positioned at a position that is offset from the left end of the first TCP 200a 
land by about 28 fxm in toward the left direction after the thermal expansion of the substrate 110 



[0081] In FIG 5C, the first real line 610 corresponds to the left end of the eighth PCB land 
group 120h in the pre-compression state, and the second real line 710 corresponds to the left end 
of the lead of the eighth TCP 200h in the pre-compression state. Thus, th e distance between the 
first r e al lin e 610 and th e s e cond r e al lin e 710 corr e sponds to th e pr e adjustment made in the pre 
- compre sflie]ft-& tato - Qf - tho -sfa'i nl c Qg O"p rint6d oirouit board 100 by shanking the position of th e 
e ighth PCB land group 120h toward the point M, as d e scribed above. 

[0082] When the pre-compressed therm o compression process is performed on the eighth 
TCP 200h lead and the eighth PCB land group 120h are thermally compressed during the 
thermo-compression bonding process , the left end of the eighth PCB land gfeup I20h moves 
from the first real line 610 to toward the first dotted line 620 due to the thermal expansion of the 
substrate 110, and the left end of the eighth TCP 200h lead ako moves from the second real line 
710 to toward the second dotted line 720 due to the thermal expansion of the eighth TCP 200h 
substrat e. Hence, during after the thermo-compression bonding process, the left end of the eighth 
TCP 200h lead is displaced through an interval <x2 from e xpand e d by an int e rval ( ■ ft) between 
the second real line 710 to [[and]] the second dotted line 720. The left end of the eighth PCB 



|A| = -Px-(-tfi) 



(2) 



[[100]]. 
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land group 120h is also displaced through expand s by an interval of P « from (F& ) b e twe e n the 
first veal line 610 to [[and]] the first dotted line 620. Also, after the thermo-compression bonding 
process, the measured misalignment value becomes the displacement interval Ag [[(As)]) from 
the second dotted line 720 to the first dotted line 620. Therefore, the magnitude |Aft| of the mis- 
alignment measured at the left end of the eighth TCP 200h lead is given bv the following equa- 
tion (3): 

\\\=P s +(-02) (3) 

Here, P « has a positive value and a2 has a negative value, since Pr is a displacement toward the 
right and a2 is a displacement toward the left. Also, a2 is identical to al s since, as above, the 
thermal expansion of the TCPs is assumed to be constant, 

[00S3] In Table 2, since the left misalignment value of the eighth TCP 200h lead is 82 j£m> 
the left end of the eighth PCB land group 120h is positioned at a position that is offset from the 
left end of the eighth TCP 200h lead by about 82 jttm in the right direction after thermal expan- 
sion of the substrate 110. 

[0084] T he following equation (4) can be obtained from equation (2) and equation (4): 

Kl+|Ahn-P t (41 

[0085] As illustrated bv equation (4\ the sum of the magnitudes of The diff e r e nc e betwe e n 
the misalignment values measured at the respective left ends of the first TCP 200a lead and the 
eighth TCP 200h lead may validly be [[is]] regarded as the total amount of thermal expansion of 
the shrinkage printed circuit board 100 occurring during the thermo-compression bonding proc- 
ess. T^ierefo^ 

expansion in comparison with the conventional printed circuit board 30 will prevent misalign- 
ment between the shrinkage PCB lands and their corresponding TCP leads during the thermo- 
compression bonding process. 

[0086] PIGS. 6A, 6B, and 6C are plan plane views illustrating the presumption that [[of]] the 
total amount of thermal expansion of the shrinkag e a printed circuit board 100 can also be as- 
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sessed based on conc e rning the measured amounts of misalignment occurring at based on the 
respective right ends of the first and eighth TCP units 200 a and 200h. As indicated by the arrows 
in the figures, the left portion of the printed circuit board 100 with respect to the central point M 
is thermally expanded toward the left, and the right portion of the printed circuit board 100 with 
respect to the central point M is thermally expanded toward the right. Again, the TCPs 2Q0a 
through 2QQh thermally expand independently, since, as described above, the output leads 240 of 
the TCPs 200a through 200h are already fixed to the TFT substrate 300, so that a left portion of 
each TCP expands toward the left relative to the center of the TCP and the right portion of each 
TCP expands toward the right relative to the center of the TCP 

[0087] Referring to PIG. 6 A, the direction of expansion of the right end of the first TCP 200a 
is opposite to the direction of expansion of the shrinkage printed circuit board 100. However, the 
direction of expansion of the right end of the eighth TCP 200h is identical to the direction of ex- 
pansion of the shrinkage printed circuit board 100, FIG 6B is a partial plan plane view illustrat- 
ing the measurement of the misalignment in [[of]] the region C region in of FIG. 6 A, and [(,]] 
FIG 6C is a partial plan plan e view illustrating the measurement of the misalignment in [[of]] the 
region D region in of PIG. 6A. 

[0088] In FIG 6B, the first real line 430 corresponds to the right end of the first PCB land 
group 120a in the pre-compression state, and the second real line 530 corresponds to the right 
end of the first TCP 200a lead in the pre-compression state. Thus, th e distanc e b e tw ee n th e first 
r6al - lin e- 430 and the second real lino 530 corresponds to th e pr e adjustment made in the pre 
compression stato of th e shrinkage PCB 100 by shrinking th e position of the first PCB land 



group 120a toward th e point M. 

[0089] When the pie-compressed th e rmo compression procesG is performed on the first TCP 
200a lead and the first PCB land group 120a are thermally expanded during the thermo- 
compression bonding process , the right end of the first PCB land group 120a moves from the 
first real line 430 to toward the first dotted line 440 due to the thermal expansion of the substrate 
110, and the right end of the first TCP 200a lead atee moves from the second real line 530 to te- 
woed the second dotted line 540 due to the thermal expansion of the first TCP 200a fef-fche-same 
r e ason . Hence, during aftes the thermo-compression bonding process, the ri ght end of the first 
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TCP 200a lead is displaced through expands by an interval of o£ from (Wl) between the second 
real line 530 toJI, and]] the second dotted line 540, and the right end of the first PCB land group 
120a corresponding to the first TCP 200a lead is displaced through expands by an interval of 
from (PI) betw ee n the first real line 430 to [[and]] the first dotted line 440. Then, after the 
thermo-compression bonding process, the measured misalignment value becomes the interval 
dis placement from the second dotted line 540 to the first dotted line 440. Therefore, the mag- 
nitude |Bj] of the misalignment measured at the right end of the first TCP 200a is given by the 
following equation (5): 



Here, 01 has a negative value since 01 is a displacement toward the left and a3 has a positive 
value since a3 is a displacement toward the right 

[0090] In Table 2, since the light misalignment value of the first TCP 200a lead is - 64 fim> 
the right end of the first PCB land group 120a is positioned at a position that is offset from the 
right end of the first TCP 200a lead by about 64 iim toward [in]] the left dir e ction after thermal 
expansion of the substrate 110. 

[0091] In FIG 6C> the first real line 630 corresponds to the right end of the eighth PCB land 
group 120h in the pre-compression state, and the second real line 730 corresponds to the right 
end of the eighth TCP 200h lead in the pre-compression state. Thuc, tho distance betwe e n th e 
first real line 630 and - tho second real line 730 corr e sponds to the pro adj u stment - made in the pre 
GO Hiprcssion state of th e shrinkag e PCB 100 by shrinking tho position of the eighth PCB land 
group 120h toward th e point M. 

[0092] When the pre-compressed thermo comp res sion proc e ss is p e rformed on th e eighth 
TCP 200h lead and the eighth PCB land group 120h corresponding to the eighth TCP 200h lead 
are thermally compressed during the thermo-comnression bonding process ; the right end of the 
eighth PCB land group 120h moves from the first real line 630 to toward the first dotted line 640 
due to the thermal expansion of the substrate 110, and the right end of the eighth TCP 200h lead 
alee moves from the second real line 730 to toward the second dotted line 740 due to the thermal 
expansion of the eighth TCP 200h for th e sam e r e ason . Hence, during afte* the thermo- 
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compression bonding process, the right end of the eighth TCP 200h lead is displaced through 
patid e d by an interval of cc4 from ( W -S ) - botwcen the second real line 730 to [[and]] the second 
dotted line 740, and the right end of the eighth PCB land group 120h is displaced through an in- 
terval of Og from e xpands by an int e rval (P8) betw ee n the first real line 630 to [[and]] the first 
dotted line 640. AIao, the m e asured misalignm e nt value becomes the interval (B 8 ) from tho sec - 
ond dotted lin e 740 to the first dotted line 640 . Thereforev the magnitude |B^| of the misalignment 
measured at the right end of the eighth TCP 200h is given by the following equation (6): 



Here. Pr and ct4 have positive values, since P g and a4 are displacements toward the right. Also, 
ot4 is identical to a3, since the thermal expansion of the TCPs is assumed constant. 

[0093] For example, in [[In]] Table 2, since the right misalignment value of the eighth TCP 
200h lead is 38 ftm, the right end of the eighth PCB land group 120h is positioned at a position 
that is offset from the right end of the eighth TCP 200h lead by about 38 /*m toward [[in]] the 
right dir e ction after the thermal expansion of the substrate 110. 

[0094] T hg following equation (7) can be obtained from equation (5) and equation (6): 



[0095] Thus, the sum of the magnitudes of The differene e- b efeweeft the misalignment values 



measured at the respective right ends of the first TCP 200a and the eighth TCP 200h may also 
validly be [[is]] regarded as the total amount of thermal expansion of the shrinkage printed cir- 
cuit board 100 occurring during the thermo-compression bonding process Therefore, shrinking 
the shrinkage printed circuit board 100 by such total amount of thermal expansion in comparison 
with the conventional printed circuit board 30 will also prevent misalignment of the PCB lands 
and their corresponding TCP leads during the thermo-compression bonding process 

[0096] PIGS. 7 A and 7B are partial plan pJaae views showing the relative positions of be- 
tween the respective PCB land groups and the corresponding TCP lead s of Sample 1 in Table 2 
after the thermo-compression bonding process. FIG. 7A is a partial plan plane view illustrating 
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the state of alignment state between the first PCB 120a land group and the first TCP 200a lead, 
and FIG. 7B is a partial plan plan e view showing the state of alignment state between the eighth 
PCB land gfeap 120h and the eighth TCP 200h lead. 

[0097] Referring to PIGS. 7 A and 7B, the total amount of thermal expansion of the shrinkage 
printed circuit board 100 is directly obtained by summing the magnitude of taking the measured 
misalignment value of the eighth TCP 200h and the magnitude of from the measured misalign- 
ment value of the first TCP 200a. 

[0098] However, although the total amount of thermal expansion occurring in the shrinkage 
printed circuit board is obtained as above, the amount of thermal expansion on the left of the 
TCP unit (see equation (4) above) differs from the amount of thermal expansion on the right of 
the TCP unit (see equation (7) abov&V For example, in the Sample 1 in Table 2, the amount of 
thermal expansion of the left of the TCP unit is 110 /im, whereas, the amount of thermal expan- 
sion on the right of the TCP unit is 102 fim . Due [[due]] to the asymmetry of the shrinkage 
printed circuit board 100 about the mid point M discussed above, the Such differ e nc e may caus e 
minute differences in the spacing between the TCP units 200 , presumed above to have an identi- 
cal value, and the difference among the thermal reaction properties of the TCP units caused by 
processing errors may nevertheless generate some differences in the respective amounts of ther- 
mal expansion cmd these spacing differ e nc e s can caus e proc e ssing errors . 

[0099] Consequently, the thermal expansion amounts of each sample in Table 2 can be pre- 
sumed according to the equations {4} and {7}, and the presumed thermal expansion amounts are 
shown at column A in Table 3. 



TABLE 3 



presumed thermal expansion (jttm) of the shrinkage printed circuit board 
and the misalignment amount (jum) of the shrinkage printed circuit board 
according to the presumed thermal expansion 



Sample 1 



Sample 2 





A 


B 


C 


D 


E 


F 


Left 


110 


277114 


92 


18 


9 


130 


Right 


102 






10 


5 


122 


Left 


-25 


277020 


-2 


-23 


-12 


89 
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Right 


-22 






-20 


-10 


92 




Left 


-23 


277015 


-7 


-16 


-8 


96 


Sample 3 














111 


Right 


8 






1 


1 




Left 


22 


277008 


-14 


36 


18 


148 


Sample 4 










67 




179 


Right 


53 






34 




Left 


13 


277020 


-2 


15 


8 


127 


Sample 5 












12 


135 


Right 


21 






23 




Left 


108 


277084 


62 


46 


23 


158 


Sample 6 
















Rieht 


98 






36 


18 


148 




Left 


-11 


277013 


-9 


-2 


-1 


110 


Sample 7 


Right 












119 


-2 






7 


4 




Left 


15 


277020 


~2 


17 


9 


129 


b ample 8 














120 


Right 


6 






8 


4 




Left 


-48 


276967 


-55 


7 


4 


119 


Sample 9 
















Right 


-40 






15 


8 


127 




Left 


13 


277020 


-2 


15 


8 


127 


Sample 10 




30 






32 


26 


144 


Right 







[0100] Meanwhile, since the conventional printed circuit board is designed with a as it has 
standard length of 277134 /Am after the standardized process, the shrinkage printed circuit 
board 100 having the respective positions of the PCB land groups shrunk by 112.5 has a 
[[the]] standard length of 277022 fxm after the above standardizing standardized process in com- 
parison with the conventional printed circuit board. Hereinafter, the shrinkage printed circuit 
board will be referred to call e d as the standard printed circuit board when the shrinkage printed 
circuit board has undergone goes through the standardizing standardized process. 

[0101] The measured lengths of the shrinkage printed circuit boards 100 for experiment are 
shown at column B in Table 3 and the length deviations of the PCBs are presented by taking the 
standard length from the measured length of the shrinkage printed circuit boards 100 at column 
C in Table 3. 
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[0102] In general, the length deviation of the PCB is known to affect that it affects the mis- 
alignment regarding [[of]] the shrinkage design. Therefore, a [[the]] PCB allowance control is 
required should be needed in the range of ±70 /xm concerning a [[the]] product having a [[the]] 
pitch of above 400 j^m, and a [[the]] PCB allowance control is required s hould bo needed in the 
range of ±50 pan concerning a [[the]] product having a [[the]] pitch of below 400 ^m. Hence, 
Sample 1 is deviated from the allowance, judging from the basis of the PCB allowance having 
the above range. 

[0103] The thermal expansion amounts of the shrinkage printed circuit board 100 are pre- 
sented at column D in Table 3 after the length deviations of the PCB are amended. The length 
deviations of the PCB numerically affect the misalignment. So, the value obtained by taking the 
length deviations in at th e column C from the expansion amoun ts in [[at]] column A results in 
m e ans the total amount of thermal expansion amount of the shrinkage printed circuit board 100, 
when the shrinkage printed circuit board 100 for each sample has a standard ized length. 

[0104] Also, the shrinkage printed circuit board 100 can be treated as it has the length devia- 
tion of about 112.5 comparing with the conventional printed circuit board so that the pre- 
sumed amount of thermal expansion amount can be obtained about the conventional printed cir- 
cuit board when the initial shrinkage amount of 112.5 ^m is added to the total expansion amount 
at column D. Such presumed amounts of thermal expansion ametmts are presented at column E 
in Table 3 . 

[0105] In the meantime, when the standard shrinkage printed circuit board is thermo- 
compressed, the misalignment that is dependent only depending on the thermal expansion of the 
printed circuit board corresponds to the value obtained by halving the total amount of thermal 
expansion amount^ in cas e of neglecting deviation of the instruments, expansion of the tape car- 
rier package and other factors. The reason for this is that the thermal expansion of the printed 
circuit board occurs in the left and the right directions centering around the central point M. The 
misalignment values of the shrinkage printed circuit board 100 having the standard length are 
shown at column E in Table 3. 

[0106] Therefore, when the shrinkage printed circuit board 100 of the present embodiment is 
thermo-compressed, the standard deviation is about 2.64 and an [[the]] average misalignment of 
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7 9 firn occurs ifi occurred . Also, if the conventional standard printed circuit board is not shrank, 
the average amount of thermal expansion amount becomes the about 127 fim expansion amount 
shown in [[at]] column D. Such presumed amounts of thermal expansion amounts are presented 
at column E in Table 3. 

f 0107]" • In the meantim e , when th e standard shrinkag e printed circuit board is thermo ■ 
compress e d, the mi s alignm e nt only d e p e nding on the thermal expan sie fl - of - tho printed circuit 
board corr e sponds to th e valu e obtained by halving the total - thermal expansion amount in case of 
neglecting deviation of the instrument s , expansion of th e tap e cairi e r package and oth e r factors, 
ffhfr - roaaon is that the thermal expansion of the printed circuit board occurc in th e left and the 
right dir e ctions c e nt e ring around th e point M. The misalignment valuoo of tho shrinkage printed 
circuit board 100 having th e standard length are shown at oolumn B - in Tabic 3. 

[0108] Therefore, - whcn - tho shrinkage print e d circuit board 100 of th e pr e s e nt e mbodim e nt is 

thermo compress e d ^- tho standard deviation is about 2.6 4 and the averag e misalignm e nt of 
7.9 fim is occurr e d. Also, if th e conv e ntional standard printed circuit board is not shrunk, the av 
e rag e th e rmal e xpansion amount become s about -127 ^m ? 

[0107[[9]]]Meanwhile, in order to compare the improvement in of the misalignment generated in 
the shrinkage printed circuit board 100, the misalignment values were [[are]] measured at the left 
and the right ends portions of the TCPs after sampling the conventional printed circuit boards 30. 
Such experiments were [[are]] performed on 5 conventional printed circuit boards. The composi- 
tion and the thickness of the conventional printed circuit board were [[are]] identical to those of 
the shrinkage printed circuit boards, and the processing conditions were also identical to those 
described above, and the signs indicating direction of expansion of [[for]] the conventional 
printed circuit board are also identical to those for the shrinkage printed circuit board. The meas- 
ured misalignment values resulting from the experiment are shown in the following Table 4. 

TABLE 4 

The misalignment values (fxm) measured at each TCP 
of the conventional printed circuit board 

TCP1 TCP2 TCP3 TCP4 TCP5 TCP6 TCP7 TCP8 

prr in i — i n n~ i n r - ■ - ■ . _~ 11 ~~ — " " ■ — — " ■ ■ — 

Sample! Left -34 -29 -30 -21 -25 -26 33 42 
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Right 


-88 


-59 


-62 


-71 


-66 


-63 


-54 


-50 






uo 


-66 




-47 






46 




Sample 2 








-85 




-78 








Right 


-110 


-101 


-84 


-50 


-39 


-49 






A A 




-4-1 








/ 




Sample 3 




















Right 


-83 


-79 


-67 


-67 


-69 


-54 


-48 


-39 




Left 


-67 


-61 


-30 


-48 


-39 


-35 


-22 


33 


Sample 4 




















Right 


-111 


-108 


-69 


-81 


-83 


-77 


-71 


-53 




Left 


-55 


-48 


-39 


-29 


26 


37 


34 


35 


Sample 5 




















Right 


-103 


-89 


-72 


-72 


-64 


-53 


-52 


-57 



[0108[[10]]] The valuefs] obtained by summing the magnitude of the misalignment value of 
taking TCP 1 and the magnitude of the misalignment value of [[from]] TCP 8 is presumed as the 
total amount of thermal expansion amount of the conventional printed circuit board such as the 
shrinkage printed circuit board. The calculated misalignment amounts of the conventional 
printed circuit board are presented in Table 5 based on the measured misalignment values in Ta- 
ble 4. 



TABLE 5 



presumed thermal expansion (/Am) of the conventional printed circuit board 

and the misalignment amount (/im) of the conventional printed circuit 
board according to the presumed thermal expansion. 



Sample 1 



Sample 2 



Sample 3 





A 


B 


C 


D 


E 


Left 


76 


277058 


-76 


152 


76 


Right 


38 




E 


114 


57 


Left 


113 


277104 


-30 


143 


72 


Right 


61 






91 


46 


Left 


97 


277091 


-43 


140 


70 


Right 


50 






93 


47 



TABLE 5 - continued 



presumed thermal expansion (yxm) of the conventional printed circuit board 

and the misalignment amount (/im) of the conventional printed circuit 
board according to the presumed thermal expansion, 
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A 


B 


C 


D 


E 




Left 


100 


277089 


-45 


145 


73 


Sample 4 










103 


52 


Right 


58 








Left 


90 


277096 


-38 


128 


64 


Sample 5 














Right 


46 






84 


42 



[01 09 [[11]]] In Table 5, column A lists the amounts of thermal expansion amounts of 

the conventional printed circuit board presumed from the measured misalignment values in Table 
4, and column B lists indicate s the measured lengths of the samples utilized during the experi- 
ment. Column C lists moon s the values obtained by taking the standard length of the conven- 
tional printed circuit board (that is, 277134 ixm) from the measured lengths^ and represents the 
length deviations of concerning the conventional printed circuit board. 

[01 10[[12]]] Hence, the amounts of thermal expansion amounts amended by the length devia- 
tions of the PCB about the samples of the conventional printed circuit board correspond to the 
values obtained by taking the values of the column C from the values of column A. Such pre- 
sumed thermal expansion amounts are shown at column D in Table 5^ and as indicated therein, 
the conventional printed circuit board expands by the average amount of thermal expansion 
amount of 119 jim A with a whil e th e standard deviation of [[is]] 25,4. 

[0111[[13]]] The misalignments due to the thermal expansion of the conventional printed cir- 
cuit board 30 are presented at column E in Table 5. Since the thermal expansion of the conven- 
tional printed circuit board occurs in the left and the right directions centering around the [[half]] 
midpoint M thereof , the respective amounts of misalignment amounts correspond to one half of 
the presumed amounts of thermal expansion amount listed in at4he column D, and the average 
misalignment amount is about 60 [im^ with a while the standard deviation of [[is]] 4.0. 

[01 12[[14]]] Therefore, if the amount of misalignment amount due to the thermal expansion of 
the shrinkage printed circuit board 100 of the present embodiment in Table 3 is compared with 
the amount of misalignment amount due to the thermal expansion of the conventional printed 
circuit board 30 in Table 5, the decrease in misalignment resulting in according to the present 
embodiment can be clearly verified. 
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[01 13[[15]]] According to the present embodiment, the decrease in misalignment is verified at 
a temperature of 175° C. But, of course , the decrease in misalignment should be is of cour se veri- 
fied in the ranse of [[a]] temperatures rang e that in which the thermal expansion of the printed 
circuit board was is larg e ly generated. An epoxy, with which the printed circuit board is made, is 
generally transformed into a glass at a temperature about 140° C. (the transition temperature of 
the PCB), and therefore, the decrease in misalignment should [[is]] always be verified in a 
thermo-compression bonding process performed at a temperature that is higher [[more]] than the 
transition temperature of the PCB However, at a temperature {[more]] greater than 200° C, ad- 
hesive force is remarkably lowered because of an over-hardness characteristic of the ACE film. 
Consequently, the decrease in [[of]] the misalignment may be [[is]] conspicuously verified in a 
range of [[the]] temperature between 140° C. and 200° C. 

[0114[[16]]] FIGS. 8A and 8B are graphs comparing the experimental data of the shrinkage 
printed circuit board 100 of the present invention with the experimental data of the conventional 
printed circuit board 30. FIG. 8 A is a graph comparing the total amount of thermal expansion 
amount of the shrinkage printed circuit board of the present invention with the total amount of 
thermal expansion amount of the conventional printed circuit board. FIG 8B is a graph compar- 
ing the amount of misalignment resulting in amount duo to the shrinkage printed circuit board of 
the present invention with the amount of misalignment amount due to resulting in the conven- 
tional printed circuit board. 

[0115[[17]]] Referring to FIG 8A, column D in Table 5 and column A in Table 3, the average 

■ 

total amount of thermal expansion amount of the conventional printed circuit board 30 is about 
119 fim± and the average total amount of thermal expansion amount of the shrinkage printed cir- 
cuit board 100 is about 127 jam, so it may be seen that the total amount of [[both]] thermal ex- 
pansion amounts in both printed circuit is [[have]] similar values . Hence, it is confirmed idonti 
fied that the shrinkage of the substrate 110 length does not have much affect on the thermal ex- 
pansion of the substrate. 

[01 16 [[18]]] However, referring R e f e rring to FIG 8B, column D in Table 5 and column A in 
Table 3 a however, the improvement in effect of the misalignment due to the thermal expansion of 
the substrate can be can be confirmed identified . While the average amount of misalignment 
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amount in [[of]] the conventional standard printed circuit board is 60 fim, the average amount of 
misalignment amount of in the shrinkage standard printed circuit board is 7.9 ^m , thus verifying 
to verify the substantial gr e at improvement in [[of]] the misalignment occurring in the shrinkage 
standard printed circuit board according to the present invention. 

[01 17[[19]]] Meanwhile, the amount of thermal expansion amount of the printed circuit board 
is accumulated toward both the left and right end portions of the printed circuit board, so the 
amount of generated misalignment generated amoun t is correspondingly increased toward both 
left and right end poitions of the printed circuit board. Such characteristic has intention is already 
been identified above as the increasing inclinations is increased toward the right ends in [[of]] 
the graphs of [[in]] PIG. 4. 

[0118[[20]]] In the exemplary shrinkage printed circuit board 100 of the present invention, the 
intervals between the adjacent PCB land groups 120a to 120h respectively located at the left and 
the right poitions of the substrate 110 centering around the central or midp oint M are arranged 
so as to be different from one another, thereby maintaining the amount of misalignment gener- 
ated in each of TCPs 200a through 200h constant. The amount of this constant misalignment is 
obtained in the following manner utilizing the measured data in Tables 2 and 4. 

[0119[[21]]] In Table 2, the amount of misalignment is measured on the basis of each edge of 
TCPs 200a through 200h for convenience of measurement. However, the precise amount of mis- 
alignment should be measured on the basis of each PCB land group 120a through 120h and the 
center of each corresponding lead group of TCPs 200a through 200h because misalignment here 
means an irregularity among the respective conductive patterns (i.e., a misalignment between 
respective PCB land groups 120 and corresponding TCP 200 lead groups) that are used for ex- 
changing the electrical signals between the printed circuit board 100 and the tape carrier pack- 

* 

ages 200. 

[0120[[22]]] Therefore, after the respective widths of each PCB land group 120a through 120h 
and the corresponding lead group of each TCP 200a through 200h are measured, the calculated 
misalignment values on the basis of the center of the lead group of each TCP 200a through 200h 
are presented in Table 7. In the samples of the shrinkage printed circuit board 100 that were 
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measured, the measured width of each PCB land group 120a to 120h and the measured width of 
each TCP lead group 200a to 200h are shown in the following Table 6. 



TABLE 6 


The widths (firn) of the PCB land and the 
TCP lead of the shrinkage printed circuit board 




measured width 
of land (a) 


width of lead (b) 


(a-b)/2 


Sample 1 


195 


170 


12.5 


TABLE 6 -continued 


The widths <>m) of the PCB land and the 
TCP lead of the shrinkage printed circuit board 




measured width 
of land (a) 


width of lead (b) 


(a-b)/2 


Sample 2 


215 




22.5 


Sample 3 


215 




225 


S ample 4 


215 




22.5 


Sample 5 


220 




25 


Sample 6 


200 




15 


Sample 7 


220 


• 


25 


Sample8 


220 




25 


Sample 9 


220 




25 


Sample 10 


215 




22.5 



[0121[[23]]] As shown in Table 6, the measured width of each land group is obtained by meas- 
uring the real width of the PCB land group of each sample and the width of the lead group is ob- 
tained by measuring the real width of the lead group of the corresponding TCP of each sample. 
The widths of the respective lead groups were found to vary only minutely, so that the respective 
widths of the lead groups can be treated as constants for all of the samples. 



[0122[[24]]] Thus, although the difference between the measured width of a land group and the 
width of the corresponding lead group (hereinafter, the width difference) is a quantity having no 
connection with the misalignment, the width difference is included in the measured misalignment 
value in Table 2. The measured misalignment values in Table 2 are obtained on the basis of each 
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TCP 200a through 200k, and that each TCP 200a through 200his thermally expanded in the left 
and the right directions centering around the central point W dividing each TCP 200a through 
200h into two portions in the lengthwise direction of each TCP 200a through 200h. Accordingly, 
[[So]] two halves of the width difference are respectively included in the left and the right por- 
tions of each TCP 200a through 200h centering around the point dividing - the4ead - group of 
each TCP into two portions in the lengthwise direction of tho lood group of each TCP . 

[0123[[25]]] Ther e fore, t he value obtained by halving the width difference from the measured 
misalignment value corresponds to the misalignment value generated on the basis of the center of 
each TCP 200a through 200h. In Table 2, half the width difference is added to the measured mis- 
alignment value in the left direction and half the width difference is taken from the measured 
misalignment value in the right direction, so the absolute misalignment value is reduced by half 
the width difference compared with the measured misalignment value in Table 2. The calculated 
misalignment values on the basis of the center of the shrinkage printed circuit board obtained by 
the above method are shown in Table 7. 

TABLE 7 



the misalignment values (/tm) on the basis of 
the center of the shrinkage printed circuit board 







TCP1 


TCP2 


TCP3 


TCP4 


TCPS 


TCP6 


TCP7 


TCP8 




Left 


-16 


4 


-9 


19 


17 


21 


55 


70 


Sample 1 










-16 




-15 






Right 


-52 


-30 


-37 


-24 


10 


26 




Left 


30 


11 


23 


17 


1 


5 


2 


5 


Sample 2 










-25 










Right 


-3 


-13 


-16 


-42 


-38 


-22 


-25 




Left 


21 


14 


-4 


-2 


-3 


2 


4 


-3 


Sample 3 




-26 




-34 












Right 


-12 


-44 


■56 


-35 


-23 


-34 




Left 


21 


31 


17 


24 


34 


31 


31 


43 


Sample 4 




















Right 


-7 


6 


■13 


13 


9 


12 


21 


2 




Left 


-6 


6 


-4 


-1 


-10 


-3 


4 


7 


Sample 5 




















Right 


-44 


-22 


-46 


-44 


-41 


-42 


-30 


-23 




Left 


-51 


-33 


-27 


-13 


-9 


-2 


-3 


27 


Sample 6 




-98 
















Right 


-70 


-64 


-61 


-52 


-42 


-29 


0 
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Left 


68 


58 


34 


43 


41 


50 


52 


57 


Sample 7 




















Right 


25 


29 


-2 


-1 


-12 


3 


8 


23 






22 


47 


5 


4 


14 




21 


37 


S ample 8 


Right 




-19 














-8 


-33 


-34 


-31 


-21 


-19 


-2 




Left 


108 


81 


77 


64 


75 


63 


69 


60 


Sample 9 




52 








18 


21 


25 




Right 


47 


27 


20 


12 










TABLE 7 


- continued 














the misalignment values (jim) on the basis of 












the center of the shrinkage printed circuit board 










TCPl 


TCP2 


TCP3 


TCP4 


TCPS TCP6 


TCP7 


TCP8 




Left 


2 


-5 


-6 


■6 


3 


4 


-23 


15 


Sample 10 




















Right 


-40 


-37 


-43 


-55 


-36 


-42 


-61 


-10 



[0124[[26]]] The following Table 9 shows the misalignment values amended on the basis of the 
center of the lead group of each TCP by using the misalignment amounts measured on the basis 
of the end portions of each TCP in Table 4 according to the above-described method. In this case* 
the measured values of each PCB land group and each corresponding TCP lead group are pre- 
sented in Table 8 below. 



TABLE 8 


The widths Otm) of the PCB land and the 
TCP lead of the conventional printed circuit board 




measured width 

of land (a) 


width of lead (b) 


(a-b)/2 


Sample 1 


210 


170 


20 


Sample 2 


215 




22.5 


Sample 3 


210 




20 


Sample 4 


210 




20 


Sample 5 


210 




20 


Sample 6 


220 




25 



[01 25 [[27]]] 
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TABLE 9 

_ ~ ~ 

the misalignment values (/mi)on the basis of 
the center of the conventional printed circuit board 

,| _._ ... ...... -" Ill - 1 — . — 

TCP1 TCP2 TCP3 TCP4 TCPS TCP6 TCP7 TCP8 

Left -14 -9 -10 -1 -5 -6 13 22 

el 

Right -68 -39 -42 -51 -46 -43 -34 -30 

TABLE 9 - continued 



the misalignment values Otm)on the basis of 
the center of the conventional printed circuit board 







TCP1 


TCP2 


TCP3 


TCP4 


TCPS 


TCP6 


TCP7 


TCPS 




Left 


-46 


-44 


-31 


-25 


-11 


13 


23 


23 


Sample 2 


Right 


-88 


-79 


-63 


-62 


-56 


-28 


-17 


-27 




Left 


-24 


-22 


-21 


-10 


4 


11 


7 


33 


Sample 3 


Right 


-63 


-59 


-47 


-47 


-43 


-34 


-28 


-13 




Left 


-47 


-41 


-10 


-28 


-19 


-15 


-2 


13 


Sample 4 


Right 


-91 


-88 


-49 


-61 


-63 


-57 


-51 


-33 




Left 


-35 


-28 


-19 


-9 


6 


17 


14 


15 


Sample 5 


Right 


-83 


-69 


-52 


-52 


-44 


-33 


-32 


-37 




Left 


-38 


-11 


-20 


-3 


12 


15 


37 


52 


Sample 6 


Right 


-79 


-56 


-56 


-43 


-27 


-29 


-7 


6 



[0126[[28])] FIGS. 9 A through 91 are graphs [[for]] showing the misalignment values in Table 
7, and each graph illustrates the misalignment of each sample on the basis of the center of each 
sample. 



[0127[[29]]] While the graphs of FIGS. 10A through 10E show the misalignment amounts of 
the conventional printed circuit board generally having an [[the]] inclination's]] toward the right 
ends of the graphs, the graphs of FIGS. 9A through 91 show the misalignment amounts of the 
shrinkage printed circuit board samples according to the present invention approximately having 
[(the]] an inclination approximately parallel to the axis of indicating the TCPs. 

[0128H30]]] Hence ( the respective intervals between among the PCB land groups in [[at]] the 
left portion of the shrinkage printed circuit board 100 are set differently from the respective in- 
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tervals between among the PCB land groups at the right portion of the shrinkage printed circuit 
board 100, thereby maintaining the magnitudes of [[the]] respective misalignment generated in 
each TCP 200a through 200h to have constant values after the thermo-compression bonding 
process. Also, this prevents excessive thermal expansions of each TCP 200a through 200h gener- 
ated by the accumulation of the respective thermal expansions thereof, 

[0129[[31]]] In the meantime, the misalignment values in Tables 7 and 9 are generated on the 
basis of the center of each TCP 200a through 200h, so the difference between the left misalign- 
ment value and the right misalignment value in the same TCP corresponds to the amount of 
thermal expansion amount generated in that TCP during the thermo-compression bonding proc- 
ess -for the TCP . Thus, Tables 10 and 11 show the amount of thermal expansion amount of each 
TCP 200a through 200h calculated by utilizing the data in Tables 7 and 9 relating to concerning 
the shrinkage printed circuit board and the conventional printed circuit board. 

TABLE 10 



The thermal expansion amounts (fim) of the TCP 
in the shrinkage printed circuit board 





TCP1 


TCP2 


TCP3 


TCP4 


TCP5 


TCP6 


TCP7 


TCP8 


Average 


Sample 1 


36 


33 


28 


34 


40 


35 


45 


44 


37 


Sample 2 


32 


23 


38 


41 


42 


42 


23 


29 


34 


Sample 3 


46 


25 


30 


42 


53 


36 


26 


31 


36 


Sample 4 


27 


25 


29 


8 


25 


19 


10 


41 


23 


Sample 5 


38 


28 


42 


43 


31 


39 


34 


30 


36 


Sample 6 


47 


37 


37 


48 


43 


40 


26 


27 


38 


Sample 7 


43 


29 


36 


44 


53 


47 


44 


34 


41 


Sample 8 


30 


66 


38 


38 - 


45 


47 


40 


39 


43 


Sample 9 


56 


34 


50 


44 


57 


42 


44 


48 


47 


Sample 10 


41 


32 


37 


49 


38 


45 


38 


24 


38 



[0130[[32]]] 

TABLE 11 
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the thermal expansion amounts (fim) of the TCP 
in the conventional printed circuit board 

TCP1 TCP2 TCP3 TCP4 TCP5 TCP6 TCP7 TCP8 Average 



Sample I 


54 


38 


32 


50 


41 


37 


47 


52 


43.875 


Sample 2 


42 


35 


32 


37 


45 


40 


39 


49 


39.875 


Sample 3 


39 


37 


26 


37 


47 


45 


35 


46 


39 



TABLE 11 - continued 

the thermal expansion amounts (jwm) of the TCP 
in the conventional printed circuit board 





TCP1 


TCP2 


TCP3 


TCP4 


TCP5 


TCP6 


TCP7 


TCP8 


Average 


Sample 4 


44 


44 


39 


33 


44 


42 


49 


46 


43 


Sample 5 


48 


41 


33 


43 


50 


50 


46 


52 


45.375 


Sample 6 


41 


45 


36 


40 


39 


44 


44 


46 


41.875 



[0131[[33]]] A shown in Table 10, the average amount of thermal expansion amount generated 
in each of the TCPs is about 37 /mi duiing the thenno-compression bonding process for the 
shrinkage printed circuit boar d, with a and the standard deviation of [[is]] 9.9. However, the av- 
erage amount of thermal expansion amount generated in each of the TCP& is about 42 fxtn during 
the thermo-compression bonding process for the conventional printed circuit board , with a m4 
the standard deviation of [[is]] 6.4. 

[0132[[34]]] FIGS, 9A through 91 are [[the]] graphs comparing the results in Table 10 with the 
results in Table 11. 

[0133[[35]]] Referring to PIGS. 9A through 9I[[ J] and Tables 10 and 11, it was assume d above 
that the tape carrier packages expand uniformly (unlike the conventional printed circuit board^ 
and als o, that the expansion of the printed circuit board and the expansion of the tape earner 
package are independent from each other. The uniform expansion of the tape carrier packages is 
already mentioned in the above description for the shrinkage printed circuit board as an assump- 
tion according to the present invention. 

[0134[[36]]] According to the data in Tables 10 and 11, the average amount of expansion 
amount of each TCP 200a through 200h is about 40 ^m and the amount of misalignment amount 
due to the expansion of each TCP 200a through 200h is about 20 fim. Since the printed circuit 
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board and the tape carrier packages expand independently of [[from]] each other, the shrinkage 
design for the tape carrier packages should be considered[[ 5 ]] separately from the shrinkage de- 
sign for the printed circuit board. 

[0135[[37]]] Hence, when the shrinkage printed circuit board 100 and the tape earner packages 
are combined in a by the thermo-compression bonding process, the occasions of misalignment 
due to the thermal expansion of the printed circuit board can be remarkably reduced, thereby in- 
creasing the productivity by reducing [[the]] failures during the bonding process. 

[0136[[3S]]] As for the above-described embodiment of the present invention, although the 
printed circuit board is combined with the tape earner package, a ductile circuit board can be 
used instead of the tape carrier package and [[also]] the numbers of the PCB land and the tape 
carrier packages may also be arbitrarily selected according to their uses and functions, 

[0137[[39]]] FIG 12 is a plan plaae view showing a [[the]] liquid crystal display panel includ- 
ing the shrinkage printed circuit board and the tape carrier packages combined together by a 
[[the]] thermo-compression bonding process at a high temperature. 

[0138[[40]]] Referring to FIG. 12, the liquid crystal display panel 50 receives the electrical sig- 
nal from an external source outside and displays the information, the shrinkage printed circuit 
boards 60, 80 connected to the liquid crystal display panel 50 transfer[[s]] the electrical signal to 
the liquid crystal display panel 50, and the tape earner packages 70, 90 connect[[s]] the liquid 
crystal display panel 50 to the shrinkage printed circuit boards 60, 80 to operate the liquid crystal 
display panel 50. 

[0139[[41]]] The liquid crystal display panel 50 includes a [[the]] thin film transistor substrate 
52 and a [[the]] color filter substrate 51 facing the thin film transistor substrate 52. 

[0140[[42]]] A plurality of gate lines (not shown) are disposed in a line on the thin film transis- 
tor substrate 52 along the width of the thin film transistor substrate 52 and a plurality of data 
lines (not shown) are disposed in a line to intersect the gate lines. The data lines are disposed on 
the thin film transistor substrate 52 along the length of the thin film transistor substrate 52, Data 
input pads and gate input pads are respectively formed on the gate and the data lines exposed by^ 
[[from]] the color filter substrate 51. 
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[0141[[43]]] The shrinkage printed circuit boards 60 and 80 comprise a are composed of th e 
source shrinkage printed circuit board 60 electrically connected to the data input pads by means 
of the tape carrier packages 70 and a [[the]] gate shrinkage printed circuit board 90 electrically 
connected to the gate input pads by means of the tape carrier packages 90. 

[0142[[44]]] The data driving integrated circuits (ICs) 72 and the source driving ICs 92 for 
driving the data and the gate lines are respectively disposed formed on the upper surfaces of the 
tape carrier packages 70 and 90. 

[0143[[45]]] Following is a description of a It will b e described that th e method for connecting 
the shrinkage printed circuit boards 60 and 80 to the liquid crystal display panel 50 by means of 
- the tape earner packages 70 and 90. 

[0144[[46]]] At first, after the anisotropic conductive film (not shown) is attached to the data 
and [[the]] gate input pads, the output ends of the tape carrier packages 70 and 90 are positioned 
on the surface of the anisotropic conductive film, and [[then]] the surfaces of the tape carrier 
packages 70 and 90 are then pressed by using a thermo-compression device. Thus, the gate and 
the data input pads and the respecti ve output leads (not shown) of the tape carrier packages 70 
and 90 are electrically connected while the anisotropic conductive film , which comprises a eera- 

posed of tha thermoplastic resin^ is completely compressed onto the liquid crystal display panel 
50 by the thermo-compression device. 

[0145[[47]]] Subsequently, after the anisotropic conductive film is attached to the surface of 
the PCB land groups formed on a rear surface of the shrinkage printed circuit boards 60 and 80, 

the input leads (not shown) of the tape carrier packages 70 and 90 are attached to the rear sur- 
faces of the shrinkage printed circuit boards 60 and 80 by using the thermo-compression device. 
Hence, the input leads of the tape earner packages 70 and 90 are electrically connected to the 
PCB lands (not shown) of the shrinkage printed circuit boards 60 and 80, while the anisotropic . 
conductive film is hardened by the heat and the force of the thermo-compression device at a high 
temperature. 

[0146[[48]]] At that time, as described above, the amounts of misalignment amounts be- 
tween the respective lands of the shrinkage printed circuit boards 60 and 80 and the leads of the 
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tape carrier packages 70 and 90 corresponding to the respective lands of the shrinkage printed 
circuit boards 60 and 80 are uniformly generated and the average misalignment value becomes 8 
fim. 

[0147[[49]]] After a [[the]] back light assembly (not illustrated) is installed beneath the liquid 
crystal display panel 50, the liquid crystal display device is completed by fixing the liquid crystal 
display panel and the back light assembly to a [[the]] mold frame (not illustrated) . 

[0148[[50]]]] According to the present invention, when the PCB land groups are thermo- 
compressed with tape earner packages by shrinking the PCB land groups of the printed circuit 
board by the amount of thermal expansion of the printed circuit board occurring during the ther- 
mo-compression , the misalignment between respective PCB land groups and corresponding TCP 
lead groups due to the thermal expansion of the printed circuit board can be decreased to secure a 
sufficient processing margin* so that productivity is improved by reducing the number of proc- 
essing failures Also, the amount of misalignment can be uniformly maintained so as to enhance < 
the probability for controlling the misalignment and to increase the stability of the product, 

[0149[[51]]] While the present invention has been particularly shown and described with refer- 
ence to preferred embodiments thereof, it will be understood by those skilled in the art that vari- 
ous changes in form and detail may be effected therein without departing from the spirit and 
scope of the invention as defined by the appended claims. 
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